Racial disparities in survival among African American (AA) women in the United States have been well documented. Breast cancer mortality rates among AA women is higher in Memphis, Tennessee as compared to 49 of the largest US cities. In this study, we investigated the extent to which racial/ethnic disparities in survival outcomes among Memphis women are attributed to differences in breast tumor subtype and treatment outcomes. A total of 3527 patients diagnosed with stage I-IV breast cancer between January 2002 and April 2015 at Methodist Health hospitals and West Cancer Center in Memphis, TN were included in the analysis. Kaplan-Meier survival curves were generated and Cox proportional hazards regression were used to compare survival outcomes among 1342 (38.0%) AA and 2185 (62.0%) non-Hispanic White breast cancer patients by race and breast tumor subtype. Over a mean follow-up time of 29.9 months, AA women displayed increased mortality risk [adjusted hazard ratio (HR), 1.65; 95% confidence interval (CI), 1.35-2.03] and were more likely to be diagnosed at advanced stages of disease. AA women with triple-negative breast cancer (TNBC) had the highest death rate at 26.7% compared to non-Hispanic White women at 16.5%. AA women with TNBC and luminal B/HER2-breast tumors had the highest risk of mortality. Regardless of race, patients who did not have surgery had over five times higher risk of dying compared to those who had surgery. These findings provide additional evidence of the breast cancer disparity gap between AA and non-Hispanic White women and highlight the need for targeted interventions and policies to eliminate breast cancer disparities in AA populations, particularly in Memphis, TN.
Introduction
Breast cancer survival rates have increased significantly in the United States (US) since the early 1990s [1] . However, racial disparities in breast cancer survival outcomes among African American (AA) women still persists [2] [3] [4] [5] [6] . Historically, AA women have been more likely to die from breast cancer, be diagnosed with advanced stage of breast cancer, and have an increased risk of breast cancer recurrence when compared to non-Hispanic White women [7, 8] . Racial disparities in breast cancer incidence by geographic region in the US have also been documented. For instance, between 2008 and 2012, the incidence of breast cancer among AA women who reside in southern ORIGINAL RESEARCH Racial disparities in survival outcomes by breast tumor subtype among African American women in Memphis, Tennessee regions of the US was significantly higher than their nonHispanic White counterparts [8] . More recently, it was reported that the incidence of breast cancer among AA women is almost equal to that of non-Hispanic White women [8] . The racial inequality in breast cancer survival has been attributed to several factors, such as socioeconomic status [9] [10] [11] [12] [13] , geographical barriers to breast care [14] [15] [16] , and treatment [1] . Furthermore, AA women are more likely to be diagnosed with aggressive basal-like breast tumors that are hormone receptor-negative and that are associated with poorer breast cancer survival compared to other ethnic groups. This suggests that differences in tumor biology may also contribute to breast cancer disparities [17] [18] [19] [20] [21] [22] [23] .
Recently, breast tumors have been reclassified into intrinsic subtypes based on the tumor's molecular characteristics and response to treatment [24, 25] . The breast tumor subtypes include luminal A, luminal B, human epidermal growth factor receptor 2 (HER2)-enriched [HER2-E], and basal-like [26, 27] . Luminal and HER2 breast tumor subtypes were established based on comprehensive gene expression profiling [28] . Most breast tumors diagnosed are luminal [29] [30] [31] . Luminal A tumors tend to be low grade and highly express estrogen receptor (ER) and progesterone receptor (PR), but not HER2 receptors. Luminal A breast tumors respond favorably to hormonal therapies that target ER and PR [29] [30] [31] . Luminal B breast tumors tend to express ER and/or PR, may express HER2, and display a high Ki-67, a marker of cancer cell division. Women with luminal B tumors are often diagnosed at a younger age and have poorer outcomes than women with luminal A tumors [29] [30] [31] [32] [33] . HER2-E breast tumors are defined as those breast tumors that are ER negative, PR negative, and HER2 positive [34, 35] . Only 5-15% of breast tumors diagnosed are HER2-E [29] . Treatments that specifically target HER2, such as Trastuzumab, also referred to as Herceptin, are very effective for HER2-positive tumors, including HER2-E breast tumors [36] [37] [38] . Basal-like breast tumors were first characterized by pathologists as invasive ductal carcinomas with high histological grade and mitotic rate [39] [40] [41] . Most basal-like breast tumors lack expression of ER, PR, and HER2 and are referred to as triple-negative breast cancer (TNBC) [42] . TNBC is highly metastatic and currently there are no molecular-based targeted therapies to treat the disease [43] [44] [45] .
Considering recent data highlighting a significant racial disparity gap in breast cancer survival outcomes among AA women in Memphis, TN [46, 47] , this study was initiated to determine whether racial differences in survival outcomes exists between AA and non-Hispanic White women and if these differences varied by breast tumor subtype and response to treatment. Exposure and all-cause mortality and time to death
Materials and Methods

Race/ethnicity
Race information was self-reported based on data derived from forms completed during the patient's clinic visit. Only women who self-reported as being AA or nonHispanic White were included in the analysis. If ethnicity was unknown, women were not included in the analysis. A total of seven women were excluded because ethnicity was not known.
Breast tumor subtype and tumor characteristics
Information on stage, ER/PR, and HER2 hormone receptor status and tumor grade was provided by the Methodist Health/West Cancer Center Cancer Registry. Table 1 provides a definition of the breast tumor subtypes used for analysis. As previously described by Gunter von Minckwitz et al. [49] , we used tumor grade to differentiate between luminal A and luminal B-like tumors and HER2 receptor 
Covariates
Patient demographic and clinical characteristics obtained from the tumor registry files included race, age at breast cancer diagnosis, date of diagnosis, date of chemotherapy, date of radiation, date of immunotherapy, date of surgery, and date of last contact or death. The date of death was confirmed via the Social Security Death Index. Only patients with known stage, hormone receptor status, and race/ ethnicity reported were included. Race/ethnicity, age (as a continuous variable), and tumor stage (as a categorical variable) were included as covariates.
Statistical analysis
All data analyses were performed with SAS/STATv14.1 (SAS Institute Inc., Cary, NC). Descriptive statistics, including means and standard deviations, and proportions were generated for the continuous and categorical variables, for the overall sample and by race, respectively. Equality of means between the race groups were tested with the two-sample t-test, and the equality of the proportions with the chi-squared test. Stratified Cochran-MantelHaenszel (CMH) analysis was applied to test the equality and estimate relative risk of death rates between race groups, by tumor subtype. Interaction between subtype and race was examined using the Breslow-Day (BD) test. Kaplan-Meier product-limit race generated survival curves, and by tumor subtype, and the equality of survivor function between those groups compared using the log-rank test. Associations between survival risk and covariates of interest were tested using univariate and multivariate Cox proportional hazards regression models. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated for each covariate to estimate the magnitude of the risk. Two-way interactions between race and the other covariates were evaluated. Finally, we applied adjusted Cox models to estimate the HRs for race, stratified by tumor subtype. All P-values were two-sided and considered significant at the alpha 0.05 level.
Results
Characteristics of the studied population Table 2 provides a detailed overview of the patient demographic and clinical characteristics, overall and by race. The cohort included a total of 3527 breast cancer patients, 1342 (38.0%) AA, and 2185 (62.0%) non-Hispanic White. Average age at diagnosis was 56.7 years among AAs compared to 60.6 years among non-Hispanic White women. The overall median length of follow-up was 29.9 months. Most AA and non-Hispanic White patients had stage I and II breast cancer. Non-Hispanic White women were more likely to be diagnosed at stage I than AA women (57.1% vs. 40.6%; P < 0.0001). Fifteen percent of AA breast tumors were stage III at diagnosis compared to 9.1% among non-Hispanic White (P < 0.0001). The percentage of women with stage IV breast cancer was also higher among AA women at 8.1% compared to 3.8% for non-Hispanic White women (P < 0.0001). A significantly higher proportion of AA women also had triple-negative breast cancer (27.9%) compared to non-Hispanic White (12.8%)(P < 0.0001). Compared to AA women, nonHispanic White women were more likely to have ERpositive breast tumors (81.7% vs. 62.5%). Most non-Hispanic White women underwent surgery for breast cancer (94.3%), received hormonal therapy (64.7%), radiation therapy (48.8%), and chemotherapy (42.1%). Most AA women also underwent surgery for breast cancer (89.4%), but differ in the rates of chemotherapy (62.1%), radiation therapy (55.9%), and hormonal therapy (44.3%).
Ethnic disparity in survival outcomes, breast tumor subtype and treatment response Table 3 shows the percent death rate according to breast tumor subtype among AA and non-Hispanic White women. All-cause mortality rate was significantly higher among AA women compared to non-Hispanic White women for luminal A-like, luminal B/HER2-, and triple-negative breast tumors. AA women with TNBC had a significantly higher mortality rate at 26.7% compared to 16.5% (RR = 1.62; 95% CI, 1.18-2.22; P = 0.0023). Those with luminal A-like breast tumors had the highest relative risk of mortality (RR, 1.71; 95% CI, 1.24-2.36; P = 0.001) followed by AA women with luminal B/HER2-(RR, 1.64; 95% CI, 1.03-2.59; P = 0.0339), and TNBC (RR, 1.62; 95% CI, 1.18-2.22; P = 0.0023), compared to their non-Hispanic White counterparts, respectively. Adapted from [60] . ER, estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2. Table 4 shows models of HRs for associations between all-cause mortality and covariates of interest in forward fashion, starting with simple univariate model that contains race only, and sequentially adjusting by breast tumor subtype, followed by age at diagnosis, then type of treatment. In all models, AA women had a statistically significant increased risk of death compared to non-Hispanic White women. In the fully adjusted model (model 4), AA women had a 65% increased risk of death compared to nonHispanic White women. Regardless of race, when compared to women with luminal A-like breast tumors, patients with TNBC and luminal B/HER2-breast tumors (both P < 0.0001) had over a two-fold higher risk of death. We also observed that for every 5 years increase in the age at diagnosis (the older they are when diagnosed), risk of death increased by over 26% and patients who did not have appropriate procedures (radiation, hormone therapy or surgery) had higher risk of death, especially surgery with over five times increase in risk (P < 0.0001).
Since AA TNBC patients had the worst survival outcomes, a multivariate Cox-regression analysis was performed to determine the risk between race/ethnicity and all-cause mortality stratified by breast tumor subtype (Table 5) . A statistically significant increase in risk of death for luminal A-like tumors (adjusted HR, 1.87; 95% CI, 1.33-2.62; P = 0.0003), luminal B/HER2-tumors (adjusted HR, 2.07; 95% CI, 1.24-3.44; P = 0.052), and TNBC (adjusted HR, 1.92; 95% CI, 1.34-2.75; P = 0.0008) was observed for AA women compared to their non-Hispanic White counterparts. These differences were found both in the ageadjusted and age adjusted-/procedure-adjusted models. We did not observe significant differences in risk of luminal B/HER2 + and HER2 type breast tumor subtypes between AA and non-Hispanic White women.
Ethnic differences in survival outcomes by race/ethnicity and breast tumor subtypes
We examined differences in disparity of survival functions by race/ethnicity (Fig. 1 ) and breast tumor subtype (Fig. 2) . Figure 1 illustrates the Kaplan-Meier survival curves with the corresponding log-rank P-values for the overall survival by race/ethnicity. Overall, AA breast cancer patients had significantly shorter median survival (time to death) compared to non-Hispanic White patients (P < 0.0001). We also observed a significant racial/ethnic difference in survival during the first 5 years (log-rank P < 0.0001), but not during the second consecutive 5 years (log-rank P = 0.1499). When examining survival outcomes by breast tumor subtypes regardless of race/ ethnicity, patients with HER2-E and TNBC had significantly shorter median survival time (P < 0.0001) compared to patients with luminal A and luminal B-like tumors (Fig. 2) . 
Discussion
In this study, we demonstrate that AA breast cancer patients have poorer survival outcomes than non-Hispanic White women in Memphis, TN. It is well documented that the burden of breast cancer is greatest among women of African descent compared to other racial/ethnic populations [2, 7, 50] . Newman et al. showed in a meta-analysis of 20 studies consisting of 14,103 AA and 76,111 nonHispanic White women that being an AA woman is a significant and independent predictor of poor breast cancer outcomes, even after accounting for socioeconomic status [3] . Published data by Whitman et al. also provided strong evidence of increased race-specific breast cancer mortality rates among AA women in 25 of the largest US cities [47] . In that study, Whitman et al. reported that between years 2005 and 2007 age-adjusted breast cancer mortality rates among AA women compared to non-Hispanic White women was highest in Memphis, TN compared to 24 of the largest US cities [47] . Two years later, Hunt and Whitman found that the breast cancer mortality disparity gap had not changed but instead was steadily increasing and Memphis still remained the top US city for breast cancer deaths among AA women [46] .
While the cause of breast cancer disparities seen in AA populations is multifaceted encompassing factors such as age, stage of breast cancer, poverty, and socioeconomic status [3, 51, 52] , other factors including differences in tumor biology are highly likely to influence breast cancer [22, [53] [54] [55] . For instance, it is well documented that AA women are more likely to present with early onset breast tumors that are triple-negative and non-responsive to hormone receptor therapies [22, 56, 57] . In our study, we found that AA women with TNBC had a significantly higher relative risk of dying compared to non-Hispanic White women. Regardless of race, when compared to women with luminal A-like breast tumors, those with TNBC had a significantly higher risk of death (P < 0.0001). We acknowledge that the incidence of TNBC among AA women in our study was slightly lower, but not significant, than the national average. This difference could be related to discrepancies in referral patterns based on ethnicity [58, 59] and breast cancer subtype in the city of Memphis. Interestingly, we also observed that AA women with luminal B/HER2-breast tumors had a significantly higher relative risk of mortality than non-Hispanic White women. Our findings are consistent with those of Warner et al., who recently reported that AA were 56% more likely to die as a result of luminal B-like tumors [60] . However, contrary to our findings and others [53, 61] , Warner et al. did not observe any racial disparities in survival outcomes for TNBC patients. This could be attributed to differences in geographical location as both our study and those of Lund et al. captured patients in southern regions of the US, specifically Memphis, TN and Atlanta, Georgia. In addition, our study included patients diagnosed from 2002 to 2015 compared to those of Warner et al. who included patients diagnosed from 2000 to 2007. Therefore, their study may not reflect the increasing incidence of TNBC seen among AA populations during later years. In addition, there are unique differences in treatment of breast cancer by breast tumor subtype in more modern times. There is now an increased reliance on neoadjuvant chemotherapeutic treatment approaches, which have altered the surgical and radiation approaches as well as the increased reliance on nonanthracycline-based chemotherapies [49, 50] . The influence of these factors on outcomes was not assessed in the study.
Another important finding in our study was the underuse of hormone therapy among AA and non-Hispanic White breast cancer patients with luminal breast tumors. We found that 82.7% of non-Hispanic White women and 65% of AA patients had luminal breast tumors, yet only 64.7% and 44.3% received hormone therapy, respectively. The reason for the underuse of hormone therapy in our patient population is unclear; however, there is established evidence that disparities in care, as well as increase rates of nonadherence is more prevalent in the AA population. Lack of insurance, poor access to care, lack of trust in the system, and increased toxicity-all influence adherence and are factors that can influence treatment. Furthermore, Warner et al. found the greatest disparity in survival was in women with luminal subtypes [60] .
Similar to Warner et al., we also observed significant disparities among AA women with luminal A-like and luminal B/HER2-breast tumors. Why AA women diagnosed with luminal A-like breast tumors are dying is a major concern as these tumors are generally the least aggressive of all breast tumor types, are identified at early stages of disease, and are treated using targeted therapies. This finding highlights the magnitude of racial disparities with regard to breast cancer treatment, breast tumor subtype, and follow-up after treatment among AA breast cancer patients. It is well documented that despite recommendations for breast cancer care, AA women are less likely to receive appropriate follow-up care [62] . This may be due to financial barriers to care [62, 63] , psychosocial care to reduce fear, patient refusal of treatment, or other factors such as treatment delay [64, 65] . A number of published studies have reported racial disparities in treatment delay in AA women [66] [67] [68] , particularly in the South [69, 70] .
A limitation of our study is that we did not have information available for specific cause of death; however, given breast cancer diagnosis for these patients, we can speculate that it was at least a contributing cause if not the leading cause of death. In addition, we were unable to distinguish between basal-like breast tumors and TNBC because we did not have histopathological data on Ki-67 status, a reporter of cancer cell division used for classification of TNBC into two subtypes based on response and prognosis [71] . Thus, we used reported receptor status and tumor grade as surrogates for molecular subtype to estimate luminality as previously described [49, 60, 72] .
Despite these limitations, our findings are consistent with those from other large epidemiological studies that report similar breast cancer mortality trends among AA breast cancer patients. Specifically, we confirm that AA women have a higher percentage and risk of mortality than non-Hispanic White women. We believe that our data highlights the magnitude of racial disparities seen in Memphis, TN and may reflect other disparate populations. Few studies have examined the impact of breast tumor subtype on survival outcomes, particularly in AA women. Our study is the first study to identify racial disparities by breast tumor subtypes and survival between AA and non-Hispanic White women in Memphis, TN, a city with significant breast cancer disparities in women of African descent. We hope that our work sheds new insight on the importance of reducing breast cancer disparities in minority populations and highlights the need for targeted interventions and policies aimed at reducing barriers and behaviors that influence breast cancer disparities in AA women, particularly in Memphis, TN. In summary, we found that AA women with breast cancer had poorer overall survival relative to non-Hispanic White women and this difference was greatest among women with TNBC. Further research is necessary to understand the biological factors that contribute to the increased number of deaths due to TNBC in women of African descent.
